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ABSTRACT

A determination of the amount, nature, and distribution of organic

matter in desertic soils will be useful for extraterrestrial life detection

and the biotic characterization of an extraterrestrial soil environment.

Levels of organic matter in southern California desertic soils are given

in terms of carbon and nitrogen and the total organic matter content.

A direct determination of soil organic matter by the autoclave

colorimetric method is presented for the first time, and it is compared

with standard methods for the indirect estimation of soil organic

matter from carbon and nitrogen values. The autoclave colorimetric

method correlates with indirect methods and could secondarily pro-

vide information on soil texture.

I. INTRODUCTION

A determination of soil organic matter and its con-

stituents is of vital importance in any program for detec-
tion and characterization of extraterrestrial life. It is

especially significant in a life-detection program since it

is itself of biotic origin, its nature and composition are

dependent upon the kinds of organisms from which it

is derived, it is partially composed of animate matter

(living organisms), and it is a biotic process-its decompo-

sition and cyclic transformations are an essential feature

of life. It is also significant that it is a universal soil

characteristic on this planet. There are no terrestrial soils

which do not contain at least some organic substances,

whether of exogenous or endogenous origin, but the

amount may be minute. In harsh, desert environments,

for example, the total amount of organic matter present

in the soil is comparable to the amounts found in igneous

rocks, limestones, and shales (Ref. 1). The soil organic

matter in such relatively barren areas need not be of

macro plant or animal origin, and can be entirely micro-

bial in nature. This is an important consideration in

current life-detection experiments since they are pri-

marily designed to discern the presence of soil micro-

organisms, their activities, or products.

Of the limiting soil factors necessary for existence of

its indigenous biota, the organic matter content is one

of primary importance. The nonliving organic materials

in the soil are, in general, the food and/or energy source

for the living fraction of the soil ecosystem-the popula-

tions and communities of microorganisms, as well as

macro plants and animals, which are dependent upon

the soil for their sustenance. In this respect, the kinds of

microorganisms, their abundance, and their distribution

are largely determined by the amounts and kinds of

organic matter present. A large community of soil or-

ganisms is found in soils relatively high in organic mat-

ter content, and soils low in organic matter have small

numbers of organisms regardless of the inherent and

eventual decomposed state of the organic matter. A high

number of zymogenous taxa, particularly the saprophytes,
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are found when organic matter is abundant, and a com-

paratively greater proportion of the autochthonous flora,

including the autotrophs, are found in less favorable and

correspondingly less dynamic soil ecosystems.

Activities of microorganisms are also regulated to a

great extent by the soil organic matter content. Follow-

ing the introduction of a suitable organic material into

the soil, its decomposition is dependent upon the nature

and kinds of organigms present, climatic influences, and

edaphic factors of the microenvironment. Therefore, when

organic matter is introduced into a terrestrial-soil eco-

system, the numbers and activities of certain micro-

organisms will increase at the appropriate stage in its

degradation. However, increase in abundance and ac-

tivity of any particular group of microorganisms is espe-

cially dependent upon the nature of the organic matter,

its stage of decomposition, and upon favorable conditions

of the immediate soil microenvironment, particularly

moisture and temperature. It may for this reason be

necessary to anticipate the minimal soil environmental

conditions, as well as nutritional requirements, necessary

for the detection of any indigenous extraterrestrial soil

microorganisms.

There is at present no reason to assume that any

extant, endemic extraterrestrial microbiota would utilize

a particular terrestrial source of organic matter or one of

its specific constituents. Although a number of soil organ-

isms show nutritional specificity (glucose, for example, is

readily decomposed by many soil microorganisms), it
cannot be concluded that such a substance would be

utilized in an extraterrestrial habitat or under extra-

terrestrial environmental conditions. In like manner, it
cannot be concluded that the distribution of an extra-

terrestrial microflora will be similar to that on Earth.

But, the possibility also exists that in terrestrial environ-

mental conditions which may resemble an extraterrestrial

environment, particularly in unique terrestrial microeco-

logical habitats at extreme limits of the natural environ-

ment, that a similar endemic extraterrestrial community

or population of soil microorganisms could exist, metabo-

lize, and reproduce. However, this could require the
development of detection techniques for particular,

unique groups of microorganisms in specific microen-

vironments. Regardless of the environmental situation, in

terrestrial soils it is generally shown that the distribution

and abundance of microorganisms is strongly correlated

with the abundance and distribution of soil organic

matter. The detection and determination of soil organic

matter would therefore most likely include many widely-

distributed living microorganisms as well as inanimate

organic substances.

A general determination of soil organic matter is also

of notable value in that a processed sample is not neces-

sary; it does not require a separation of sorbed organics
from the mineral constituents of the soil, and it does not

require specificity for a particular organic component.

For detection purposes, a processed sample may even be

detrimental if a comparatively large fragment of organic

material is discarded by means of a size-limiting process.

And, in regard to dispersion of soil organic matter, it

may be extremely difficult to separate tenacious micro-

organisms as well as sorbed nonliving colloidal organic

matter from soil particles (Ref. 2). In terrestrial soils, a

number of microorganisms can be found within this

colloidal film surrounding soil particles, and it may there-

fore be disadvantageous to attempt separation of the

microbiota from soil particles if there is the possibility

that the adherent microorganisms will be discarded along

with the soil particles. Furthermore, there is a strong

indication that calcium, which is sometimes abundant in

desert soils, may be a chief interfering ion in soil organic

matter extraction (Ref. 2). Finally, the value of a total

organic matter determination rests upon nonspecificity,

except for its major elemental constituents of organic car-
bon and nitrogen. It does not require the detection of

unique compounds or substances such as biotin, DNA-

ase, glycine, etc., which are present in microgram

quantities per gram or 100 g of productive soil. Such

substances, although they are important constituents of

terrestrial organic matter, may not be present in an

extraterrestrial soil, or, if present, probably in such micro

amounts as to be undetectable without resorting to

refined techniques or processing of a large quantity of
soil materials.

In regard to soil organic matter as a whole, it can be

emphasized that an organic-matter analysis in terrestrial
soils is based upon the determination of an accumulative

admixture of all organic materials and substances of

varying amounts, physical subdivision, composition, and

biotic state. Primarily, it is a determination of the organic
carbon and nitrogen-both basic, essential elements of

terrestrial life, which are complexed within the frame-

work of the total soil organic matter. In an appropriate

determination of soil organic matter one must therefore

distinguish between forms of organic carbon and nitro-

gen which are of biotic origin; e.g., protein, humic acid,

or fulvic acid, and not of an inorganic nature; e.g., car-

bonate or nitrate. However, even these latter substances

are of importance since they, too, are the result of biotic

2
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influence and frequently represent two of the end-

products of microbial metabolism. It is also significant

that water, essential to terrestrial life, must have been

present for their formation.

II. OBJECTIVES

It is necessary that background information be ob-

tained on the organic matter content of terrestrial soils

at various depths in order to design and instrument

life-detection experiments sensibly. It is also necessary
that standard methods for the determination of soil

organic matter or its major elemental constituents be

investigated for their sensitivity and adequacy. Further-

more, it is desirable that new methods be proposed and

investigated which might be useful in life-detection

experiments and in the biological characterization of

extraterrestrial soils. In this regard, colorimetric or tur-

bidimetric methods should be considered for their appli-

cability to instrumentation presently under consideration.

Finally, it is desirable that any additional information

resulting from this study that would influence proposed

life-detection experiments and the investigation of ex-

traterrestrial soils should be presented at this time.

The purpose of this research is fourfold: (1) to deter-

mine the levels of organic matter present in desertic

soils that are representative of harsh terrestrial environ-

ments low in organic matter as well as moisture content,

(2) to determine the amounts of organic matter present

in these soils by standard methods, (3) to determine the
value of a new colorimetric method devised for the

direct determination of soil organic matter, and (4) to

provide supplementary information on other soil proper-

ties, e.g., soil texture, which might be of value in the

investigation and characterization of extraterrestrial soils.

III. METHODOLOGY

Determination of the organic matter content of soils

can be divided into three categories: (1) direct: a de-

termination of the total organic material in the soil,

(2) indirect: a determination of the major elemental con-

stituents of soil organic matter which can serve as a

basis for estimating total soil organic matter, and (3)

proximate analyses: determinations of specific extractable,

hydrolyzable, and thermolabile organic constituents of
the soil.

Total organic matter is most frequently determined in

soils by direct and indirect means. Direct methods in-

clude: (1) ignition (combustion or pyrolysis) at elevated

temperatures, (2) acid digestion; e.g., with perchloric

acid, or hydrochloric-hydrofluoric acid, and (3) oxidation

with hydrogen peroxide. Usually these are gravimetric

procedures whereby the loss in weight of a soil sample

is assumed to be the total organic matter content. In-

direct methods of analysis involve the determination of

3
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oxidizable organic carbon or nitrogen by wet or dry

combustion procedures using acids and/or heat, and the

subsequent release of the organically combined carbon

or nitrogen. After treatment with strong acids, carbon is

commonly determined through back-titration with a re-

ducing substance or determined gravimetrically as sorbed

carbon dioxide. Nitrogen is commonly determined titra-

metrically after the nitrogen in the soil has been sub-

jected to digestion in acid at high heat and converted to

ammonia, or determined gravirnetrically after combus-

tion and sorption as ammonia or molecular nitrogen. No

matter what method is used, precautions must be taken

to preclude or compensate for inorganic forms of carbon

or nitrogen before or after proceeding with determina-

tions of the oxidizable organic forms. Variations are used
in the above methods which relate to the measurement

of carbon or nitrogen by colorimetric, turbidimetric

(nephe]ometric) or electrometric (conductimetric) means.

Proximate analyses of the soil organic matter are more

complex than the above, and refer to the extraction,

isolation, purification, or characterization of more com-

plex fractions of the soil organic matter, such as the

fulvic acid complex, protein, polysaccharides, and fats

and/or more specific components within each group, e.g.,

phenolic glucosides, glycine, cellulose, or oleic acid.

Analyses for these fractions relate to objectives that are

more concerned with the specific chemical nature of a

soil organic fraction and have not been considered as

indicative of the total soil organic matter present.

All of the above procedures have merits as well as

certain disadvantages and their value is limited not only

by the specific method used, but upon the interpretation

given to it. In many cases difficulties are encountered in
analyses due to the nature and character of interrelated

soil properties, e.g., pH, Eh, buffering capacity, salt con-

centration and composition, texture, structure, and min-

eralogical composition. Consequently, it is highly

advisable, and oftentimes necessary to have supple-

mentary information on the nature of certain soil proper-

ties which may influence or adversely interfere with the

determination of a particular soil constituent.

4
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IV. MATERIALS AND METHODS

The experimental materials consisted of 34 virgin,
California soils collected from the Colorado, Mohave,

and Great Basin Deserts from the soil surface to depths

of three or four feet. Twenty-seven of these soils from

the Colorado and Mohave deserts were characterized

previously according to pertinent physical attributes

(Ref. 3). One additional soil, No. 60, from the Mohave
Desert and six other soils, No. 3, 4a, 5, 6a, 7, and 8, from

Owens Valley in the Great Basin Desert have since been

procured. All of these soils were carefully collected to
exclude contamination, passed through a 10-mesh screen

(sieve openings of 2.0 ram), and thoroughly mixed. In

some cases, particularly where necessary to limit the

sample size for analysis purposes, the soil material was

ground to a fine powder in order to assure a more

homogenous sample and provide for a more favorable

reactivity. For dry combustion procedures, and when

necessary to use a sample of 200 mg or less, the soil was

pre-dried to a condition of pF 7 (oven-dry state of
105±5°C for at least 12 hr to remove moisture). Other-

wise, air-dry soils were used which were equilibrated to

approximately 50% relative humidity.

The methods used for determination of soil organic

matter included (1) estimation of total organic matter by

ignition in a muffle furnace, (2) determination of carbon

by (a) wet combustion using the Walkley-Black pro-
cedure (Ref. 4), (b) wet combustion according to the

procedure of Allison (Ref. 5), and (c) dry combustion
with the Coleman Carbon-Hydrogen Analyzer (Ref. 6),

(3) determination of nitrogen by (a) Kjeldahl method

(Ref. 7), (b) dry combustion with the Coleman Nitrogen

Analyzer (Ref. 8), and (4) colorimetric determination of
the total soil organic matter after hydrolysis by auto-

claving. The first three methods are "standard" for

analysis of soil _rganic carbon and nitrogen. The colori-

metric method used here is presented as a new procedure

and involves methods and principles not employed pre-

viously in determinations of soil organic matter. All of

the above methods are given briefly as follows:

(1) Ignition Method: A gravimetric method whereby a

tared soil sample is subjected to 700°C in a muffle fur-

nace for 30 min, cooled, and reweighed. The difference

in weight, which may be compensated for loss of car-

bonates, is given as the percent of total organic matter
in the soil.

(2) Walkley-Black Method: A wet combnstion pro-

cedure whereby a known volume and concentration of

chromic acid is used to oxidize a soil during spontaneous

heating following dilution with concentrated sulfuric
acid. The solution is back-titrated with a reducing sub-

stance, usually ferrous ammonium sulfate or ferrous

sulfate, in order to determine the exact amount of

chromic acid used to oxidize the organic carbon. This

determination of soil organic matter necessitates the use

of a conversion factor, and variables in the method in-

clude consideration of concentrations and proportions of

chromic acid and sulfuric acid, time of reaction, heat of

reaction, compensation for interfering ions and care to
be sure that over one-half of the chromic acid is not

consumed in oxidation of the organic matter (Ref 9).

(3) Allison Method: A second wet combustion method

also involving chromic acid, sulfuric acid, and external
heat. Carbon dioxide is evolved through a carrier stream

passed successively through precautionary traps con-

taining potassium iodide, silver sulfate, sulfuric acid,

zinc, and anhydrone, after which the gas is sorbed on

Mikohbite and weighed. Pretreatment is customary for

removal of carbonates in an open flask before continuing

the procedure for organic carbon. Sufficient chromic

acid must be utilized and the traps must be capable of

sorbing interfering substances from a predetermined

adequate weight of soil.

(4) Coleman Carbon-Hydrogen Analyzer, Model 33

Method: A dry combustion method whereby a weighed

sample of 50 to 200 mg is placed within a pyrolysis tube

containing pertinent inorganic substances, and subiected

to an atmosphere of oxygen with a temperature of ap-

proximately 850°C. Subsequently, the gas is passed

through the carrier stream and the evolved carbon

dioxide is sorbed and weighed. This apparatus must

have mechanical, chemical and electrical maintenance.

For example, the system must be checked for leaks, the

combustion time and temperature controlled, and the

chemical constituents of the pyrolysis tube checked and

renewed. The sample size and its state of subdivision

must be carefully regulated, and hysteresis effects have

been noted which are dependent upon the carbon con-

tent of successive samples.

(5) Kjeldahl Method: A wet digestion method for com-

bined organic nitrogen and ammonia which utilizes

5
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concentrated sulfuric acid and an inorganic digestion

mixture which also regulates the temperature of the
reaction. After a sufficient time interval, all of the or-

ganie nitrogen in the sample is converted to ammonia.

The mixture is next neutralized with strong base, the

ammonia distilled over (usually into a boric acid solu-

tion), and the amount of nitrogen determined titrametri-

cally, commonly with dilute hydrochloric acid. Digestion

time and temperature are crucial and neutralization must

be performed with care. The sample size, as for other

methods, is dependent upon the amount of organic ma-

terial (including ammonia) present in the soil.

(6) Coleman Nitrogen Analyzer, Model 29 Method:

The procedure and apparatus are somewhat similar to

that for the Coleman Carbon-Hydrogen Analyzer. Some

major exceptions are that the carrier stream is carbon

dioxide, the nitrogen gas is scrubbed in a caustic solution
and its volume is collected and measured in a microliter

chamber attached to a digital counter. Pyrolysis tubes

of a larger diameter were constructed for use with soils

and the recommended maximum sample size of 50 mg
increased to 0.5 to 1.0 g.

known concentrations of powdered yeast extract _ used

for the organic matter reference standards. The values

obtained for the soil extract are considered as percent

total soil organic matter. It assumes that concentrations,

optical densities and color obtained for hydrolyzable,
microbial products, i.e., yeast extract, can be utilized for

estimating total soil organic matter when soil extract is

obtained by hydrolysis in the autoclave, and its resulting

optical density and color plotted against the standard
curves.

Other values, Table 1, were obtained for the soils as

follows: (1) mechanical analysis for grain size distribu-

tion by the hydrometer method (Ref. 10), (2) textural

class by reference to a soil textural triangle (Ref. 11),

(3) color of air-dry soil by comparison with standard soil

color charts (Ref. 12), (4) iron and manganese by spectro-

graphic analysis of finely ground material (Ref. 13),

(5) inorganic carbon by acid digestion and gravimetric

determination of the carbon dioxide evolved (Ref. 5), and
(6) nitrate nitrogen by the phenoldisulfonic acid method

(aef. 14).

Trocured from Baltimore Biological Laboratory, Baltimore, Md.

(7) Colorimetric Method: This method is based upon

the development and intensity of colored hydrolyzable

organic products obtained by means of an autoclave. The

soil extract is subsequently referred to known color stand-

ards. The procedure is as follows: (a) equal proportions

of soil (50 g soil: 50 ml water) are mixed in a loosely

stoppered Erlenmeyer flask, and a few additional mls of

water are added to compensate for water lost during

the heating cycle. The soil-water mixtures are subse-

quently autoclaved for 30 min at 250°F and 15 psi pres-

sure. After the solutions have cooled to approximately
room temperature, the extract is decanted into a colorim-

eter tube, or centrifuged if necessary to hasten sedi-

mentation of colloidal soil particles, and the optical

density determined in a Klett-Summerson photoelectric

colorimeter using a blue filter of 400-425 m_. The optical

density values for the soil extracts are then referred to a

curve, Fig. 1 (Curve A), which was determined from
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V. RESULTS AND DISCUSSION

A. Organic Matter in Desertic Soils

Average values for organic carbon and organic matter

by various methods for the 34 soils are given in Table 2.

Columns 1, 2, and 8 are results for direct determinations

of organic carbon with compensation or pretreatment to

exclude inorganic (carbonate) carbon. Carbon values in

columns 4, 5, and 6 were indirectly determined as indi-

cated. The figures in column 4 were calculated after

determination of the organic carbon in soil extracts sub-

sequent to the autoclave procedure outlined above. A

factor of 10 was applied because approximately one-tenth

of tile total organic carbon can be removed from soil by
hot water extractiond Organic carbon can also be com-

puted from the nitrogen value obtained by the Kjeldahl

method when multiplied by a factor of 11.7 as shown in
column 5. This latter factor has been derived from soils

by assuming a 5% nitrogen content and a C:N ratio of

11.7 to 1 (Ref. 15). In column 6 the organic carbon has

been calculated from organic matter values by means of

the conventional factor of 1.79_4. This factor is commonly

used to estimate total organic matter in soils subsequent

to the direct analysis for organic carbon; it is based on

the assumption that soil organic matter is 58% carbon

(a ratio of 1-to-7 between organic carbon and soil humus).
This same factor has been used to calculate the soil

organic matter content indicated in columns 11, 12, and

18. The direct determination of total organic matter by
the colorimetric method provided values shown in col-

umn 15. An estimation of soil organic matter has also

been calculated from the Kjeldahl nitrogen values, col-

umn 9, by applying the conversion factor of nitrogen
X 2,0, as shown in column 14. Kjeldahl nitrogen (organic

or amino forms) is usually a fraction of the total nitrogen,

column 10. Indirect calculation of organic matter from

the Walkley-Black determination of organic carbon in
soil extracts is given in column 16. An additional factor

of 27.90 is applied since this percentage of organic carbon

could be recovered by means of the same procedure for

known concentrations of aqueous solutions of yeast
extract.

Average amounts of carbon for any one soil as deter-

mined directly are reported in column 7; average amounts

of carbon which were derived indirectly through appli-

2Calculated from values obtained by Vandeeaveye and Katznelson
(Soil Science, Vol. 46, p. 152, 1938); the mean value which we
obtained for their 24 soils was 12.14, with a range of 7.71 to 17.33.

cation of conversion factors are shown in column 8.

Averages for organic matter in any one soil as determined

indirectly are given in column 17, and followed by vari-

ability in observations as indicated by the standard

deviation and standard error in columns 18 and 19, re-

spectively. Mean values for all depths of soil and all

collection sites are given at the bottom of each column

and can serve for generalized comparison purposes in

levels and amounts of organic matter.

The correlation of five methods used for determining

the amount of soil organic matter are given in Table 2.

The Allison method shows the strongest correlation, 92%

or more, with the Walkley-Blaek, Kjeldahl and eolori-

metric methods. It should show the strongest correlation

with the Walkley-Black method, which it does, since

these two are essentially the same combustion procedure.

Other strong positive correlations are also indicated in

Table 3, with percentages of 85% or above. The Carbon-

Hydrogen Analyzer shows less correlation with other

methods, particularly with the Kjeldahl method. A greater

average percent of organic matter, 0.40%, is indicated by

means of the Carbon-Hydrogen Analyzer as compared
with the Kjeldahl method with 0.28%, but this latter

amount is comparable with the average amount obtained
by the Allison, Walkley-Black and colorimetric methods.

The colorimetric method shows a good to strong cor-
relation of 74.8, 92.0 and 89.2% with the three methods

used for estimating the total percent organic matter in

the soil by means of conversion factors. This also sup-
ports the validity of the conversion factors, which is

remarkable when it can be considered that the use of

these factors is somewhat dubious for a random soil

sample, and a specific factor should be determined ana-

lytically for each soil. It has been shown, for example,

that factors for conversion of carbon to organic matter

can range from 1.6 to 8.8 (Ref. 16). The indirect esti-

mation of organic matter from soil nitrogen values is

likewise quite questionable (Ref. 17), especially for a

single sample of soil, but it can give a comparatively
accurate figure for a group of soils (Ref. 15).

The range of soil carbon, nitrogen, and organic matter

for any one soil depended to some extent upon the

method used. For direct determination of organic carbon,

these ranges were as follows: (1) Carbon-Hydrogen Ana-

lyzer, 0.10-0.70%, (2) Allison, 0.06-0.62%, (8) Walkley-

8
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Table 3. Correlation of methods

Methods _o Correlation

1. C-H l, Allison 2

2. C-H, W-83

3. C-H, KieldahP

4. C-H, Color. s

5. Allison, W-B

6. Allison, Kjeldahl

7. Allison, Color.

8. W-B, Kjeldahl

9. W-B, Color.

10. Kieldahl, Color.

85.0

81.9

51.3

74.8

9.5.7

92.7

92.0

88.5

89.2

85.2

IC-H = Carbon-Hydrogen Analyzer
|AIIbon = Method of F. F..Allison
_W-B = Method of Wafkley-Black
_Kieldahl = Macro Kje|dohl
SCo|or. = Colorlmetrlc method with yeast extracts

Black, 0.04-0.53%. In regard to nitrogen, except in two

cases, Kjeldahl values were lower than the total nitrogen

figures. Nitrate-nitrogen figures, Table 1, column 28, did

not constitute a substantial amount of the total nitrogen,

and ranged from less than 0.02 to as much as 4.25 mg per

100 g of soil. Kjeldahl nitrogen ranged from a low of

0.001% to a high of 0.46%. The latter figure was ob-
tained for a 3-ft level of well-drained, desert red clay

soil, No. 61, which also had the highest level of nitrate

(and salts) than any of the 34 soils examined. Organic

matter levels ranged from 0.04 to 1.63%, depending

again on the method used, whether direct or indirect, and

the conversion factors applied. For the various methods,

mean values ranged from 0.08 to 1.14%, usually with the

highest amount of organic matter found at the immediate

soil surface to a depth of less than an inch.

The highest amount of organic matter was obtained
for a sandy soil, No. 75, from the Mohave desert, al-

though it is commonly assumed that, in general, the finer

the soil texture the more the soil organic matter and

nitrogen is found (Ref. 15 and 18). There are, however,

exceptions to this which have been pointed out in earlier

work (Ref. 19), showing that fine texture is not associated

with high total nitrogen and organic matter content.

Some of this organic material was dry organic surface

litter, but in other cases it can be attributed to algal and
lichen soil crusts which harbor an abundance of various

kinds of microorganisms in favorable and unique micro-

ecological habitats exposed to direct solar radiation,

extreme diurnal fluctuations in temperature, wind, erosion

and abrasion, and desiccation. Contrary to what has been

reported by Shields (Ref. 20), the rapidity of establish-

ment of the algal component of these habitats is not

directly dependent on the presence of fine-textured soil.

Regardless of soil texture, such habitats form noticeable

"deposits" of animate and inanimate organic matter in

terrestrial deserts, and could possibly be encountered in
extraterrestrial situations.

In a number of terrestrial soils, total organic matter

has been determined by loss in weight following ignition,

as shown in column 25. This method is not applicable to

desertic soils, primarily due to the concentrations and

kinds of salts encountered; e.g., hydrated magnesium or

sodium carbonate. For the 34 soils investigated, the

amount of organic matter estimated by this method

ranged from 0.66 to 8.29%, with the highest values

reported for the series of clay soils, No. 6 through 61.

Part of the weight loss of an ignited soil can be attributed

to its salt content, particularly the amount of carbonate

(or bicarbonate), column 27, which is sometimes a signifi-
cant amount of the total carbon, column 26, but this

cannot account for the comparatively large loss in weight

of an ignited, oven-dry soil. Some of this weight loss

could be attributed to "bound" water, although only a

few additional tenths of a percent moisture could be

obtained by raising the temperature from 100 to 200°C

and directly determining the released moisture by expo-

sure to a phosphorus pentoxide electrolytic cell. However,

higher temperatures would probably release water of

crystallization from the lattice structure of soil particles.

Of particular significance in evaluating the relationship

and nature of the carbon and nitrogen status of soils is

the determination and examination of carbon: nitrogen

ratios. These figures are given in columns 28 and 29.

Even though the nitrogen levels in virgin desertic soils

are lower than for other soils, it can be seen that there is

a significant difference between the ratio of mean organic
carbon to Kjeldahl nitrogen and the ratio of mean

organic carbon to total nitrogen. The latter values, col-
umn 30, are more indicative of ratios expected for

desertic soils (Ref. 21). In this respect, up to 50% of the

total soil nitrogen may be in the form of protein and

about one-third of the organic nitrogen is commonly

protein (another organic form of chitin). Part of the soil

nitrogen is undoubtedly in various forms associated with

the clay lattice, either as ammonia, nitrate or some other

inorganic form, but another part is microbial in nature

or in a highly decomposed state. This is indicated by
narrow C:N ratios, 10:1, or below, found in desertic soils,

which is in turn attributed to the over-all climate con-

tributing to arid areas (Ref. 9__). The mean organic C:N

values for Kjeldahl nitrogen ranged from a high of 50.0
to 1 to a low of 7.3 to 1. The C:N values for total nitrogen

were lower and ranged from a high of 18.0 to 1 to a low
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of 4.2 to l. For soils in general, it is commonly stated that
the C:N ratios become narrower with the depth of the

soil profile. However, this cannot be assumed for desertic
soils, and the converse was true even for the ratios of

mean organic carbon to Kjeldahl nitrogen. In this regard,

for each of the six profiles examined, the widest ratios
were obtained at some level below the soil surface!

Of supplementary importance is the relationship be-

tween soil organic matter content and the soil color, the
latter indicated in column 22. It has been commonly

assumed that the darker colored soils are higher in

organic matter content, although mineralogical content

(and texture) is acknowledged to have some influence in

contributing to black, brown, and gray colored soils

(Ref. 23). Actually, the amount of organic matter in
clesertic soils has little influence on soil color. Even when

the organic matter content of desertic soils is doubled
and the soil heated to darken the added organic material

(i.e., starch), no appreciable darkening of the soil could

be observed visually or following examination with a

reflectivity meter. Of more significance in determining
the darker colors of desertic soils are (1) parent material,

(2) mineralogical composition and weathering, especially

the percents of iron, column '2_3, and manganese, col-

umn 24, and their oxidation state, and (3) soil moisture

content, which can cause an appreciable darkening of

the soil, although usually not afl:ecting hue, but changing
in color value and chroma. Iron and manganese, as well

as other mineral elements, frequently form metallo-

organic complexes in the soil and these complexes can be
a contributing factor to soil color if present in sufficient

quantity. The over-all color of desertic soils is greatly

dependent upon the nature of the parent material and
the amount of weathering that has occurred in that these

soils can have occurred over a long time span, but they

are commonly young in development and maturity.

B. Colorimetric Method for Soil Organic Matter

The development and measurement of color in soil

extracts following autoclaving deserves special considera-

tion in that it correlates well with standard methods used

for the indirect estimation of total soil organic matter by

means of conversion factors. On this basis, it can there-

fore be recommended as a suitable method for directly

determining total soil organic matter. It differs radically

from previous colorimetric methods which depend on the
color developed by oxidation of organic carbon with
chromic acid. It has been found that the standard colori-

metric methods are unreliable in a number of respects,

but primarily in that sample size and digestion reagents
must be carefully regulated depending on the expected

(or predetermined) organic matter content, carbonate

carbon must be precluded, and finally, the color develop-
ment is not in accord with Beer's Law (Ref. 24). The

autoclave method has been used previously as part of the

procedure to extract humic acids of coal (Ref. 25), but it
has not been used for the quantitative estimation of

organic matter in soils.

The autoclave colorimetric method proposed here has

a number of merits. Once the standards have been pre-

pared (controls of known yeast extract concentrations

may be run with each series of soils if desired), it is

rapid, accurate, reproducible, is not affected by "inter-
ference" ions such as chloride, or carbonate, requires no

grinding of the sample or previous harsh treatment with
acids or bases, and it is a direct determination of total

soil organic matter without the use of dubious conversion

factors. The method is particularly applicable to desertic

soils low in organic matter, although as much as 5 to 10%

organic matter could also be determined by this method.
And, in that it is a colorimetric method, it could have

application to presently proposed planetary probes for

soil organic matter. It could also give an approximation

of soil texture by a method not now in use.

In regard to soil texture, it was noted that the amount
of water sorbed by the soil and the amount of swelling

of the soil following autoclaving was considerably in-

fluenced by soil texture, with the greatest amount of

swelling occurring in the clay soils and practically none

in the sands. A movable photoelectric beam on a vertical
scale would then be able to detect the soil level at the

interface of the soil-water mixtnre, and its height could

be noted with reference to known swelling and water

sorption of various kinds of soils, and soil-like materials.

Salts and organic matter would have some influence on

hydration and subsequent volume changes, but this

could in turn be monitored by miniature electrodes for

pH and conductivity in the soil-water mixture.

As for most methods of analysis, there are certain

precautions and disadvantages of the method. For the
autoclave colorimetric method, there are at least four

important factors in this respect: (1) the autoclave must

be in perfect working order for reproduction of time,

pressure, and temperature during successive heating

cycles, (2) the proper organic matter standards must be
used in conjunction with the colorimeter filter of the

most adequate wavelength, (3) the influence of oxidation

state and solubility of mineral elements such as iron and
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manganese must be minimized, and (4) the turbidity of

the soil extract must be reduced if necessary. In regard

to the four factors mentioned above, the following obser-

vations have been made, (1) decrease or increase in the

three variables pertaining to the autoclave may decrease

or increase the results obtained; the amount of hot-water

soluble organic matter may be especially reduced when

the pressure and temperature are lowered and the time

period shortened, (2) the selection of standards and filters
can alter the effectiveness of the method as shown in

Fig. 1, and (3) iron and manganese, the two primary
constituents of soil minerals which would affect the color

of the soil extract, had no discernible effect in their

present soil forms on the determination of soil organic
matter; however, the influence of iron and manganese

organic complexes in proportion to the amount of hot-

water soluble organic matter cannot be excluded, and

(4) inorganic colloidal matter, particularly the clay frac-

tion can have an appreciable influence, but it was noted

that autoclaving definitely promoted the sedimentation

of suspended clay even within a few hours for a clay soil,

and centrifuging is not necessary except as an expedient

to shorten the time of analysis.

Additional comments can be made in regard to the

standard methods employed for comparison purposes.

The dry combustion method, in general, gave higher

results for organic carbon, even though carbonate carbon

determined gravimetrically by the Allison method was
subtracted from the amount of total carbon. Wet com-

bustion methods, while adequate for most purposes,

require much care in preparation of the sample, necessi-

tate consideration of the concentration and proportion

of corrosive combustion reagents, tile elimination of

carbonate-carbon, compensation for interfering ions, e.g.,

chlorides, active higher oxides of manganese, and ferrous

iron (unless the soil has been air-dried for several days),

consideration of the stability of the ferrous compound

used for back-titration, and regulation of the temperature
and reaction time. Some of these considerations were

noted previously (Ref. 4). A few examples of the influ-

ence of the variables can be pointed out as follows:

(1) by means of the Walkley-Black method, the combus-

tion of organic carbon by heat of reaction, column 81,

oxidizes less carbon, although it was allowed to react for

the same time period using applied external heat, col-

umn 8, (2) carbonate carbon influenced to some extent

the organic carbon values if the analysis was performed

in a closed system, as indicated by figures in column g2,

rather than in an open system, column 2, where the

evolved carbon dioxide could be allowed to diffuse freely

into the atmosphere outside the system, and (8) as shown

in Fig. 2, another variable in the amount of organic

carbon combusted is the proportion of oxidizing agents,

whereby less organic carbon was oxidized with increasing

volume and consequent dilution of the reagents.
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VI. CONCLUSIONS

A determination of total soil organic matter and its

constituents is of inestimable value in understanding the

nature, activity and development of soils, particularly

the attributes of its biological system. A small amount of

organic matter, part of which is living matter, outweighs

its influence in the soil ecosystem. Any program for life-

detection should include some means of not only detect-

ing organic matter per se, but insofar as possible, some

means for estimating its nature and status.

As indicated by analysis of only 34 soils from three

California desert areas, the elemental organic constituents

of these soils were quite low, representing the levels

found in relatively unweathered materials. The total soil

organic matter, whether estimated indirectly or directly

is correspondingly low, much more so than for cultivated

and/or agricultural soils, particularly in less arid areas

(unless fertility is not renewed).

The colorimetric method for determination of soil

organic matter by means of the autoclave and with refer-

ence to organic extract standards has been shown to be

of value as a direct method of estimating total soil

organic matter. Whether or not it can be utilized in a

space probe in the investigation of extraterrestrial soils,

it can still be used as a method for determining organic
matter in desertic soils or even less harsh terrestrial envi-

ronments. Soil texture may be estimated to some extent

by the soil-water level following treatment in the auto-

clave. Wet combustion of organic carbon with chromic
acid cannot be recommended for extraterrestrial soil

probes at this time without further study. It requires

prior knowledge or estimation of the organic matter

content of the soil sample, the use of harsh chemicals,

and also requires that certain interfering ions either must

not be present, must be inactivated, or else precluded.

Regardless of the method used for estimating soil

organic matter, it is highly desirous, as well as necessary

in many cases, that subsidiary information on soil prop-
erties and characteristics be known before reasonable

evaluations on soil organic matter can be stated. Such

subsidiary information is also valuable for understanding,

evaluating, and predicting development, use, activity,

and response of planetary soil ecosystems.
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